Background: Necrotising fasciitis (NF) is a life threatening condition and is a medical and surgical emergency. The mainstay of management includes early recognition, prompt surgical intervention, appropriate antibiotics and intensive care for organ support. However, the mortality is still very high despite the advance in the intensive care. Objective: To examine the 12-year outcomes, causative organisms, time to diagnosis, surgery and institution of adequate antibiotic coverage of patients with NF admitted to the intensive care unit (ICU) in a local regional hospital; and to identify the independent predictors of ICU mortality. Method:
Introduction
Necrotising fasciitis (NF) is a life threatening medical and surgical emergency with high mortality. Usually rapidly progressive, it involves fascia and subcutaneous tissues, with postulated thrombosis of cutaneous microcirculation. Without early diagnosis and aggressive treatment, patients are often devastated by the rapidly fulminant nature of the disease. Mortality rates of 20 to 80% have been reported. [1] [2] [3] Risk factors for mortality in patients with NF have been described. In a previous local study, diabetes mellitus (DM) and cirrhosis were found to be the most commonly associated medical diseases; and those with involvement of the limbs above the knee or elbow had a significantly higher rate of mortality than those with distal lesions. 4 Another local study involving patients with NF of upper limbs found that the mortality was related to deranged renal and liver function, thrombocytopenia, initial proximal involvement extending to the elbow or above, and the presence of hypotension on admission. 5 In Hong Kong, both Group A Streptococcus and Vibrio vulnificus were reported to be the most common causative organisms of NF. 6 According to the data from the Centre for Health Protection of Hong Kong, the annual incidence of Vibrio NF varies from 7-20 cases and commonly occurs in summer from June to October. 7 The aim of the study was to evaluate the clinical outcomes, causative organisms, time to diagnosis, surgery and institution of adequate antibiotic coverage of patients with NF admitted to the intensive care unit (ICU) of a local regional hospital over a 12-year period and to identify the independent predictors of mortality of patient with NF in the ICU.
Materials and methods
The patients were retrieved from the hospital electronic record database, the Clinical Data Analysis & Reporting System (CDARS), which is a computerised data retrieval system of the Hospital Authority of Hong Kong. 8 We searched records with discharge diagnosis of NF (International Classification of Diseases, 10th Revision) under the categories of "any diagnoses". Patients with NF admitted to the ICU of Tuen Mun Hospital between the period of between 1st July 2002 and 30th June 2014 were recruited. The medical records of the patients were then retrospectively reviewed. Patients with age ≥18 years were included. We used surgical criteria including presence of necrotic fascia, lack of resistance of normally muscular fascia to blunt dissection, lack of bleeding during dissection and presence of pus at the fascia level to confirm the definitive diagnosis. The patient's parameters including baseline characteristics of patients; demographic data such as age and sex; documented past medical history; APACHE II scores; physical, radiographic and laboratory findings at time of presentation were extracted from the record. The number and types of organisms identified from microbiological investigation were also analysed. We also examined the following time intervals: time from presentation to diagnosis, time from suspected diagnosis to surgical intervention and time from suspected diagnosis to administration of empirical antibiotics. The number of operative debridement and the use of empirical antibiotics (type and adequacy) were also documented. Outcome parameters including length of stay in the ICU and mortality were also collected. The New Territories West Cluster Ethics Committee of the Hospital Authority Hong Kong approved the study. 
Statistical analyses

Results
Two hundred and thirty patients with a diagnosis of "NF" were admitted to Tuen Mun hospital during the period under review. Among them, 137 patients with confirmed NF were treated in ICU. of the patients had a documented history of trauma on presentation and more the half of the patients were unable to describe any precipitating trauma or cause. Chronic ulcers (12.4%), seafood or water contact (8.8%) and surgical wound (5.8%) were described (see Table  1 ). Laboratory data taken at closest to the time of diagnosis of necrotising fasciitis was recorded.
In univariate analysis, DM, cardiovascular diseases, chronic renal failure requiring renal replacement therapy, hypotension (systolic blood pressure [SBP] ≤90 mmHg), impaired conscious state (Glasgow Coma Scale [GCS] ≤8), white cell count, creatinine, urea, base excess, international normalised ratio (INR) and the Acute Physiology and Chronic Health Evaluation (APACHE) II score were significantly different (p<0.05) between survivors and non-survivors.
Microbiological investigation and culture results were collected and results are shown in Table 4 .
Polymicrobial growth was seen in 26% and no growth The usages of antibiotic varied widely and are shown in Table 5 . Penicillin, cloxacillin and amoxicillin/ clavulanate were commonly used as cellulitis was the most common diagnosis at the time of presentation.
Clindamycin was generally introduced once there was a suspicion of NF. About 70% percent of patients had adequate empirical antibiotic coverage. There was no significant mortality difference detected in patients with inadequate empirical antibiotic coverage ( Table 2 ).
The mean time between presentation to AED and diagnosis of clinically suspected NF was 34 hours, the longest delay over 1000 hours and is shown in Table  3 . Once NF was clinically suspected, the mean time to transfer to the operating theatre was 3.2 hours. Delays were usually a result of delays in obtaining consent. The mean time to onset of empirical antibiotics was 1.7 hours. Twelve patients had delays in adequate empirical antibiotic administration of more than 6 hours. (Table 7) .
Discussion
The ICU admission rate of patients with NF in this series was 60%, and of these 42% died. It was similar to the published expected mortality rates of 20-80%. 1-3 DM and preexisting cardiovascular diseases were the most common comorbidities found, which was similar to other large series of necrotising fasciitis. 9 Increased susceptibility of server soft tissue infection in this population could be resulted by a combination of increased minor trauma due to sensory polyneuropathies, tissue hypoxia from microvasculature atherosclerosis and decreased immune defenses. Necrotising fasciitis is a deadly disease even with intensive care. Early accurate diagnosis is one of the keys to good outcomes. Early misdiagnosis is common, as in our series only 14% of cases were diagnosed correctly as NF in AED. However, this is understandable as the initial signs and symptoms may mimic an ordinary cellulitis. Ominous signs like crepitus, blistering and gas on X-rays were usually not present. Therefore, cellulitis was the most commonly made misdiagnosis (60%). The lack of classically described precipitants means a high index of suspicion needs to be maintained when assessing patients presenting with disproportional pain, swelling and erythema. For these patients, performing a LRINEC (Laboratory Risk Indicator for Necrotising Fasciitis) score together with a C-reactive protein (CRP) may aid earlier differentiation of severe soft tissue infections from other extremity illnesses. The LRINEC Score assigns a score for patients with NF based on admission CRP, white cell count, haemoglobin, sodium, creatinine, and glucose, and has been widely validated. 10, 11 Few of the patients we reviewed had CRP levels taken, so that we were unable retrospectively calculate the LRINEC Score for our patient population. Another important aspect of management would be close monitoring of the vital signs and progression of local skin conditions.
Patients, who were misdiagnosed as cellulitis, were prescribed empirical antibiotics and often they were rapidly identified as having a more severe soft tissue infection after observation. On the other hand, of a greater concern are those patients misdiagnosed with non-infectious extremity diseases (26%) such as deep vein thrombosis, out or angioedema. These patients were not given any antibiotics or received early orthopedic intervention. Delay in treatment could pose significantly impact on outcome.
Early administration of antibiotics is regarded as an important treatment in NF, though we did not identify appropriate antibiotic as a significant predicting factor for mortality in this study. Traditionally, NF can be divided into 3 types, each associated with different microorganisms (type 1: polymicrobial infection, type 2: monomicrobial infection due to Group A Streptococcus; type 3: Clostridium infection). Group A Streptococcus and Vibrio species (mostly V. vulnificus) were the most commonly isolated bacteria in our series. Clostridium was very rare but it is often susceptible to the beta-lactams. V. vulnificans is a halophillic, gram negative rod, which occurs naturally in warm coastal waters and marine bivalves. V. vulnificans confers a large proportion of the NF patients in Hong Kong and was the second most common bacteria being isolated in our series. The drug of choice would be quinolones including levofloxacin or ciprofloxacin.
However, we found that most of the species in our series were also susceptible to amoxicillin/clavulanate in vitro. The most important culprit was Group A Streptococcus, which is often penicillin sensitive. Therefore, if the initial regime has a broader spectrum than ampicillin and cloxacillin commonly prescribed for a simple cellulitis, even augmentin would cover a great proportion of the NF case appropriately initially. Of course targeted regime based on a suspicion of NF would be the best. Although clindamycin was commonly prescribed for reduction of toxin from Group A Streptococcus, resistance to this drug is rising. 12 In the last 12 years of our series, at least 3 out of 22 isolates of Group A Streptococcus had documented resistance. A bigger challenge would be those patients suffering from NF associated with abdominal source such as NF associated with bowel fistula or hospital acquired NF. Same principles of treatment for hospitalacquired infections hold in this ground, with the consideration of antibiotic resistant organisms based on risk factors.
Prompt surgical interventions with either debridement or amputation cannot be emphasized anymore. This would even be more important than appropriate antibiotics. About 45% of patients with extremities involvement required limb amputation in our series. However, there is neither reliable tool to predict treatment failure nor international guideline for amputation decision. We did not collect data on the predictors for limb amputation for analysis. However, from observation, we did observe in some cases that better sepsis control obtained from amputation after an initial debridement. Therefore, monitoring of clinical progress after initial surgical treatment would be of utmost importance. Besides appropriate antibiotics and adequate surgical treatments, adjuvant therapy like intravenous immunoglobulin could be indicated for toxic shock syndrome associated with Group A Streptococcus infection. 13, 14 Hyperbaric oxygen could be considered for Clostridium infection. 15 In our series, APACHE II score, DM, GCS <8, low WCC and urea at the time of diagnosis were significant independent predictors of mortality. A high APACHE II score indicates the poor co-morbidity and physiology in the first 24 hours of admission to ICU. Our result was consistent with previous reports that found the APACHE II score independently predicted mortality in patients with NF. 16 In our study, DM and cardiovascular disease were associated with ICU mortality in univariate analysis. In multivariate analysis, only DM was associated with mortality. Whereas in previous studies from Taiwan, advanced age, anemia and liver cirrhosis were significant independent predictors of mortality. 9, 17 Although, liver disease was not an significant independent predictor of ICU mortality in our study, we observed an association of NF due to V. vulnificus with cirrhotic patients (one fourth of the patients with V. vulnificus infection had underlying liver cirrhosis). Acute renal failure was reported to be associated with high mortality in ICU 18 but the initial creatinine level was not shown to be an independent predictor of ICU mortality because most of the patients with NF had relatively normal renal function on presentation and developed renal failure subsequently. On the other hand, we found that urea independently predicted mortality. Elevated urea could be a marker of severity disease with many clinical implications including hydration status, impaired renal function and need for renal replacement therapy. Other identified predictors of ICU mortality in this study could be quite reasonable. A patient with a poor GCS could signify significant encephalopathy, either septic or due to physiologic disturbance, due to an overwhelming infection. Low WCC response to such an intense sepsis also could signify a relative incapability of the patient's immune system to cope with the battle.
Limitations
Firstly, it was a retrospective study. The data was incomplete in some of the patients so that we were not able to calculate LRNEC scores for our study population. It was difficult to retrieve some of the data, for example, the exact timing of presentation for hospital-acquired NF cases. Secondly, this was a singlecentre study with limited sample size though we had included bigger sample size than any other local studies ever reported. Due to the limited sample size, different type of NF involving different body parts were analysed altogether. We also could not examine the relationship between the extension of infection beyond elbow or knee joint and mortality. These factors might be associated with different prognosis. Lastly, this study included patients in the last 12 years and the over-all ICU mortality was used as the outcome measure. With the advances in patient management and intensive care in the past decade, the mortality r a t e c o u l d h a ve b e e n c h a n g e d w h i c h w o u l d influence the analytic results.
Conclusions
The local mortality of patients with NF treated in ICU remains very high. The causative bacteria in our locality are in keeping with those observed elsewhere with Group A Streptococcus and V. vulnificans as the most common causative organisms. We conclude that a reasonable empirical antibiotic regime should include a 3rd generation cephalosporin (such as Ceftriaxone), Ciprofloxacin and Clindamycin. This combination would allow maximal penetration and coverage of the most commonly seen organisms as well as covering gram negatives, V. vulnificans, anaerobes and gas gangrene. Distinguishing NF from uncomplicated soft tissue infections is difficult. Utilisation of the LIRNEC score may aid early detection but this does not replace an early suspicion and close monitoring of vital signs and clinical progress of the patients that may reduce delay in diagnosis. Underlying DM, GCS ≤8, the APACHE II score, urea and low WCC are statistically significant independent predictors of ICU mortality.
